I. INTRODUCTION
Poly(methyl methacrylate) (PMMA) Langmuir-Blodgett (LB) films are of interest due to their potential application in optical devices and microlithography [1] - [3] . About 30 years ago, different stereoregular PMMAs were found to result in significantly different surface pressure-area ( -A) isotherms [4] . In spite of this earlier work, molecular conformations of stereoregular PMMA monolayers at different surface pressure have not been studied much. In this paper, detailed molecular conformations and applications of stereoregular PMMA LB films will be reported.
II. EXPERIMENTAL
Isotactic (i-), syndiotactic (s-) and atactic (a-) PMMAs were purchased from Polyscience Inc. and used without further purification. Their physical properties and contents of triads are listed in Table 1 . They were dissolved in chloroform and the solution was spread on deionized water. A computer controlled normal type polytetrafluoroethylene Langmuir trough was used [6] . The surface pressure and the surface potential were measured using the Wilhelmy plate technique and the vibrating plate method, respectively. The PMMA LB films were transferred onto the highly oriented pyrolytic graphite (HOPG) and mica at the various surface pressures for the investigation of the chain conformation by the scanning tunneling microscopy (STM) and atomic force microscopy (AFM), respectively. Images of the monolayers were taken in the constant height mode under the atmospheric condition for both cases.
III. SURFACE PRESSURE AND SURFACE POTENTIAL OF THE FLOATING MONOLAYERS
The surface potentials and the apparent dipole moments . n / of a-, s-, and i-PMMAs are shown in Fig. 1 with surface pressure-area ( -A) isotherms. The -A isotherms are qualitatively consistent with the previous results [1] , [2] , [4] . The surface potentials of the sand a-PMMAs increase rapidly from zero even in the region where D 0. In the high surface concentration region where increases from 0 to the first inflection point, the surface potentials increase but with lower rate. Eventually, they reach to saturation values when the films were compressed beyond the 1st inflection point. Apparent dipole moments increase rapidly in the region of D 0 to reach the maximum at the point where the surface pressure starts to rise and then decrease upon further compression. The maximum n values are 0.17 and 0.23 Debye (D) for s-and a-PMMAs, respectively.
On the contrary, the surface potential of i-PMMA increases monotonically in the region where the surface is lower than the 1st inflection point ( < 8:5 mNm 1 ). In the region, the apparent dipole moment is almost constant with 0.23 D. The surface potential above the 1st inflection point shows the similar trend as the a-and s-PMMAs in the region of > 0. The fact that the apparent dipole moment is kept constant in the expanded region implies that the molecular orientation does not change upon compression in the region. The high value of n and the same position of the pendant groups in the i-PMMA suggest that the chains have horizontal disposition with the hydrophilic ester groups touching the water surface.
The maximum n values seem to be smaller than the molecular dipole moment of methyl ester group (1.39 D). In general, the n of a monolayer at the air/water interface estimated from the measured surface potential is smaller than that of the molecular dipole moment. The discrepancy has been explained in terms of the polarization due to water molecules and uncertainties in the value of the relative permittivity [7] . However, the discrepancy is still remained unsolved and only the relative value of n is meaningful in the case of the monolayer at the air/water interface.
IV. MOLECULAR CONFORMATION OF PMMA MONOLAYERS
STM and AFM images of the i-PMMA monolayer transferred onto the HOPG at the surface pressure of 15 mNm 1 [8] , [9] are shown in Fig. 2 . The monolayer was transferred during the upward stroke (vertical direction in the images). The AFM image is similar to the STM image, suggesting that STM can be used to obtain molecular images of thin nonconducting polymers even though there are some arguments on the mechanism of the imaging. All the images in Fig. 2 show closely packed well ordered chain arrangement. However details of the images are different for different areas, indicating that the monolayer consists of mixed phases. For instance, the lower part of the image in Fig. 2 (a) appears to be coiled in contrast to the upper part of the im- age where the PMMA chains look linear. The coiled and linear appearance of the chains may represent helical conformation and a horizontal disposition, respectively. The fact that the monolayer is composed of mixed phases is natural since the surface pressure of 15 mNm 1 is located between the two inflection points in the -A isotherm. This mixed phase appearance of the images with the linear and coiled parts suggests that the low inflection point is related to the phase transformation from horizontal disposition to the helix. The contrast formed by the pitches of the helices of the chain can be observed in Fig. 2 as a band across the chains. The band appears only in the coiled region. It is interesting to note that the helix is coiled right-handedly which was reproducibly obtained for different samples.
The spacing between the chains and the pitch of the helix were measured by comparing the images of the molecules with the underlying graphite images. The width of the chains varied from sample to sample with an average value of 0.37 nm. The variation waṡ 0:08 nm. The spacings between chains of the linear parts and the coiled parts are almost the same in the images of mixed phases. The appearance of the helix and the small spacing between the chains indicate that the helix is a single stranded one. The chain spacing of the monolayer is too small for the molecule to have a double strand helical conformation proposed by Brinkhuis and Schouten [10] since the width of the double helix is about 1.25 nm.
Monolayers of a-and s-PMMA monolayers were transferred at the surface pressure of 10 mNm 1 . It was also observed that both monolayers have long range ordered chain arrangement over 10 nm 10 nm area [11] . In contrast to the i-PMMA, however, the s-PMMA monolayer showed left-handed helix and a-PMMA rather random side chain arrangement. The reason why different stereoregular PMMAs show different coil handedness is not clear yet. Further experiments are required to clarify the results and for the molecular conformations to be more conclusive.
V. APPLICATIONS 1. Nanoscale Lithography
PMMA LB films have been utilized to form nanostructures [12] . 15 monolayers of atactic PMMA LB films were transferred on the 50 nm thick Cr layer evaporated on Si wafer at the surface pressure of 12 mNm 1 .
Electron beam (Cambridge EBMF 10.5) was used to form fine patterns. The exposed pattern was developed by the solution of cellulose diluted with methanol by 1:3 for 10 -20 sec. The developed pattern was transferred to the Cr layer by wet etching. Commercially available CR-7 from Cyantek Co. was used as the Cr etchant. After the stripping of the PMMA layers with acetone, the pattern was examined by scanning electron microscopy. The results are shown in Fig. 3 . 15 layers of LB films were thick enough to protect the underlying Cr layers from the etchant suggesting the PMMA LB films are uniform and pinhole free. Fine patterns with 0.1 m line and spacing were successfully obtained and even 50 nm patterns could be obtained with the PMMA LB films. 
Geodesic Lens

Tunneling Barrier to Enhance the Quantum Efficiency in Polymer Light Emitting Diode
Electroluminescence (EL) from conjugated polymers is in active research recently since the first demonstration of it from poly (p-phenylene vinylene) (PPV) [15] . Subsequently, PPV derivatives and other conjugated polymers have been used to achieve increased quantum efficiencies and to provide a range of colors [16] - [21] . Various materials, such as indium-tin-oxide (ITO), semitransparent gold, or polyaniline, can be used as hole injecting electrodes, however ITO has the advantage of high conductivity and high transparency over the visible range combined with high work function for adequate hole injection. Metals such as aluminum, calcium and magnesiumsilver have been evaporated on the polymer films to provide the electron injection electrode. In most conjugated polymers, electron injection has proved more difficult than hole injection. To achieve good efficiency it has been necessary to use a low work function metal such as calcium to reduce the barrier to electron injection [22] , [23] . Unfortunately, low work function metals are reactive in air environment.
Various methods have been tried to achieve balanced injection of holes and electrons without using the metals having low work function. These include the formation of heterojunction or blending [19] with electron transporting materials and synthesis of new emitting materials having high electron affinity. In this paper we will demonstrate another method to control hole and electron injection by inserting a thin insulating layer between an emitting layer and an electron injecting electrode as shown in Fig. 5 . In the device, the effective barrier to electron injection can be lowered while the injection of holes to the emitting layer is reduced if the thickness of the insulating layer is within the tunneling range. As a result, more balanced injection of electrons and holes is expected and the quantum efficiency will increase significantly. a-PMMA was used as the insulating material. The material has the energy bandgap of about 6 eV and therefore shows good insulating properties. The devices are formed on glass substrates coated with ITO. A layer of poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylene-vinylene] (MEHPPV) was deposited onto the ITO by spin coating from dichloroethane solution [16] . The thickness of the layer was about 90 nm measured with an Alpha Step profilometer.
After drying at 100 ı C for an hour in an oven, a-PMMA LB films were transferred onto the emitting layer at the surface pressure of 10 mN/m. The number of the monolayers varied from 2 to 14. Aluminum electrodes were vacuum evaporated onto the upper surface of the PMMA LB films after drying the films in an oven at 100 ı C for 1 hour. Light output from the devices was measured using an optical power meter (Newport 835) as a function of the applied field and current. Electroluminescent spectra were measured using a dual grating monochromator (Spex 270M) with the photomultiplier tube (Hamamatsu R955). All the experiments were performed in air and at the room temperature. Current-voltage characteristics of the EL devices under forward bias are shown in Fig. 6 . The current density at a certain electric field decreases as the number of PMMA LB layers increase. The dependence of the emission intensity on the injected current (L-I) is shown in Fig. 7 for different number of LB layers. As are typical polymer light emitting devices, the emission intensity increases linearly with the injection current for all the devices. The relative quantum efficiency (the slopes in the L-I curves) increases rapidly up to 6 layers and remains or slowly decreases as the number of the layers increase further. The quantum efficiency was enhanced by more than 4 times compared to the MEHPPV only device by inserting the thin insulating layer.
All the behaviors may be explained based on the energy band model (Fig. 8) . Major carrier flowing through the device is known to be hole. If we insert the thin insulating layer in the device, it will block the hole transport through the device. As the thickness of the insulating layer is getting thicker, the blocking becomes more effective due to the more effective blocking of the hole tunneling through the LB films, resulting smaller current densities (mainly hole current) under the same applied potential in the device. In contrast to the hole injection, inserting the thin insulating layer between the emitting layer and the cathode does not increase the effective barrier to the electron injection as long as the thickness of the layer is within a certain range. If the cathode is in direct contact with the emitting layer ( Fig. 8(a) ), the energy barrier height to the electron injection is fixed to the difference between the LUMO level of the emitting layer and the metal work function (1 em ). However if we insert a thin insulating layer between the metal and the emitting layer (Fig. 8(b)-(d) ), 1 em changes with applied bias and the thickness of the insulating layer. Because of that, increasing the thickness of the insulating layer has two different effects in terms of electron tunneling probability: One is decreasing the tunneling probability due to the increasing tunneling barrier thickness. The other one is increasing the tunneling probability due to the decreasing 1 em and also due to the increasing potential drop in the insulating layer. The latter effect may be dominant over the former if the insulating layer is thinner than a certain limit, as notified from the higher luminescence up to 8 layers. If the layer is thicker than the limit, most of the potential drop takes place within the insulating layer. In the case, the insulating layer determines carrier transport through the device and higher electric field should be applied to get a certain electron current density. In our special case the limiting thickness of the PMMA layer turns out to be 8 nm.
The above discussion indicates that more balanced injection of electron and hole is achievable by inserting the thin insulating layer, which leads to the enhancement of the quantum efficiency. The above discussion is based on the assumptions that the major current flowing through the devices is the hole current and the luminescence efficiency is proportional to the electron current injected into the devices. These assumptions seem to be quite reasonable in our system. 
VI. CONCLUSIONS
